Introduction
The preliminary assessment of the results of treatment of patients with intracranial abscess in 1967 showed a disturbingly high mortality despite the use of supposedly advanced methods of management. Earlier major reviews of the management of intracranial abscess (Jooma et al., 1951) have established that the use of antibiotics and particularly penicillin has lowered the mortality, but more recent publications (Gregory et ail., 1967) indicate that there has been little improvement in results since then, while series in which only a particular form of surgical treatment is considered have shown remarkably good results (Krayenbiihl, 1967 
Overall Results
In the three centres concerned there was no significant change in the incidence of intracranial abscess in relation to numbers of admissions for other conditions. Table I shows the overall Bacteriolagy.-In Table III the bacteriological findings in the intracranial pus are shown, the figures indicating the number of occasions on which the organisms were identified at the initial microscopy or culture of the pus. The available information was inadequate for a full survey of antibiotic sensitivities, but there was no report of penicillin resistance by streptococci or pneumococci. The majority of streptococci were anaerobic or microaerophyllic, and often proved difficult to culture, so that identification depended on careful and immediate examination of the morphology of organisms in the pus.
Management of the Abscess Suspect Lumbar Puncture
The clinical presentation and diagnosis of intracranial abscess has been described in many earlier reviews-for example, Webster and Gurdjian (1950) 
Methods of Localization of Pus
The accuracy of the different methods of localization is shown in Table IV , as judged by successful aspiration of pus through a burrhole whose position was determined by one of the methods of localization. In none of the 10 patients with multiple abscess were the lesions localized by any method. In patients with chronic otitis media the burrhole was placed immediately above the root of the pinna, while in those with frontal or ethmoid sinus infection it was placed low in the frontal region. Carotid arteriography was done by percutaneous puncture, and ventriculography through posterior parietal burrholes. In 21 patients the abscess was entered while attempting ventriculography; in eight of these the abscess was subdural. Tapping an abscess while attempting to tap a ventricle did not appear to be any more hazardous than tapping an abscess which had been localized by other methods. In five cases adequate localization of the abscess was achieved despite only the contralateral ventricle being visualized. Deterioration in the patient's condition during or immediately after ventriculography occurred in only six patients, four of whom died. Five patients had brain scans-three positive sans showing parietal abscesses accurately and two negative scans being late follow-up investigations. The mortality in patients in whom ventriculography or arteriography failed to localize the abscess was 810. 
Surgery of Intracranial Pus
All patients in this series with intracerebral abscess, apart from the few who were thought to have a tumour rather than an abscess, were treated initially by burrhole aspiration; in some this was followed later by excision at craniotomy. In Table V Thirty-seven patients treated by repeated aspiration died, 20 of them in the first five days after admission; of the 46 patients treated by excision, 10 had a craniotomy in the first five days, and four died; 31 had a craniotomy after the tenth day, and five died.
Antibiotics
Antibiotics were given systemically and into the abscess cavity at each aspiration in dosages of 10,000 or 20,000 units of intrathecal penicillin with 25 or 50 mg. of intrathecal streptomycin. Adequate records of systemic antibiotic dosage were available in 128 patients. In 35 patients, of whom 17 died, the antibiotics were given in low dosage or were inappropriate for the organisms isolated; three of the survivors were left with severe neurological deficits and in two of the survivors the abscess recurred. In nine patients, of whom one died, the levels of antibiotic dosage approached those used in the treatment of bacterial endocarditis. In 84 patients, of whom 18 died, antibiotic dosages were considered adequate at the time, the average maximum daily dosages being penicillin 4 mega units, streptomycin 1-4 g., sulphonamides 3-7 g., chloramphenicol 2 g., ampicillin 2 g., cloxacillin or methicillin sodium 3-5 g.
Mastoid Surgery
No attempt has been made to assess the type or efficacy of mastoid surgery, but the timing of mastoid surgery in relation to the mortality of temporal or subdural abscess has been reviewed. Forty-two patients had mastoid surgery and eight died; 18 patients with middle ear disease as the source of infection did not have mastoid surgery, and 12 of these died, nine during the first week. Twenty patients had mastoid surgery before admission to the neurosurgical departments and five died; 10 had mastoid surgery during the first week, two dying; and 12, of whom one died, had mastoid surgery after the first week, in half of them this being later than the fourth week.
Discussion
The overall results in Table I show that the results of treatment of supratentorial intracranial abscess in two groups of 100 patients separated by exactly 10 years have not improved; in 1967 20 patients were admitted and 10 died. In the face of apparent advances in methods of management of acute neurosurgical problems it is tempting to ascribe this failure to improve results to changes in the natural history and presentation of the disease. The figures in Table II show that there has been no significant change in site of abscess, aetiology, level of consciousness on admission, age, or length of neurological history. The continuing high incidence of E.N.T. sepsis as the source of infection is striking and is at variance with the findings of Krayenbihl (1967) and of Gregory et al. (1967) , but is little different from those of Pennybacker (1951) . The continuing importance of E.N.T. sepsis in the genesis of temporal and subdural abscess is of particular significance when methods of localization are considered. It is well known that the lower the level of consciousness the poorer the prognosis, and it is disturbing to find that the mortality for level of consciousness D has increased significantly in group 2 to 80%.
Methods of Localization
The figures in Table IV show that methods of localization did not always provide the accuracy that is necessary for succevsful aspiration of an abscess, and this was one of the major Cases 1 and 2 illustrate the problems of localization of the frontal abscess by arteriography, the oedema behind the abscess presumably being responsible for the displacement of the middle cerebral vessels which was so misleading; this error has been made repeatedly over the years, and on more than one occasion in 1967.
Case 3 illustrates the difficulty of demonstrating a subdural abscess by arteriography, and also the danger of disregarding the E.N.T. septic focus as a guide to localization.
It would therefore seem that carotid arteriography, though a relatively safe and valuable method of investigation, cannot be relied on to demonstrate abscesses accurately unless they are within the temporal lobe; and that unless the arteriographic localization is unequivocal other methods of localization must be used.
Although ventriculography has acquired a somewhat evil reputation in the localization of intracranial abscesses, the evidence for this in the literature is both inadequate and conflicting. Thus Pennybacker (1951) wrote that ventriculography "often precipitates a crisis," but Kerr et al. (1958) stated that it was " the more reliable means of localization." Krayenbiihl (1967) , in reviewing 130 cases of intracranial abscesses, made no mention of verltriculography, despite the fact that 13 of his cases had infratentorial abscesses, and only 77 had arteriography. Our own results show that ventriculography has a high degree of accuracy in the localization of intracranial abscess in general and of parietal abscess in particular, and that though the procedure can never be called desirable precipitation of crisis is relatively rare.
There is insufficient evidence in our results on which to base conclusions about brain scanning for abscess. However, 
Surgical Treatment of Intracranial Pus
Macewen (1893) reported results which bear favourable comparison with any other series; his patients included 10 with temperosphenoidal abscesses, eight of whom survived; all had mastoid operations, two had cerebral abscess evacuated through the mastoid approach and six through a temporal trephine disc. The length of neurological history varied from one week to one month and therefore chronicity cannot be the sole explanation of his success. Moreover, six of his patients had level of consciousness D on admission. Le Beau (1946) was the protagonist of early excision whatever the length of history. He reported excision in 17 patients, of whom only three died; however, only three of his patients were not alert on admission, in 12 of them the abscesses were undoubtedly chronic, and there is no comparison with treatment by burrhole aspiration. Pennybacker (1945) recorded excision in 26 patients with only two deaths, but without details of the timing of operation or the levels of consciousness, and in 1961 he gave details of the regimen for aspiration before excision, which with its delay of the second and later aspirations cannot be regarded as definitive treatment by aspiration. Jooma et al. (1951) noted that mortality rates for the different methods of surgical treatment in their large series of 295 cases were not comparable. Krayenbilhl (1967) advised excision but had only 14 patients treated solely by aspiration, of whom three died.
Our own results comparing aspiration with excision take into account the time of death of those patients treated by aspiration, mnd the time of operation in those treated by excision, and show that in patients who were alive 11 days after admission there is little difference in the results of the two methods. The mortality for excision compares not unfavourably with Krayenbifhl's figure of 3 out of 39, but unfortunately bears little relation to the problems of management as seen in neurosurgical departments admitting patients in all stages of the disease, the majority being acute. Even if it were accepted that all other factors in the management of these patients had been satisfactory-and it has already been shown that they were not -the figures do not show any clear advantage of excision over repeated aspiration at any stage, and particularly in the first five days. This is not to deny that on occasions an abscess with a tough capsule which does not appear to shrink satisfactorily should be excised, but such a stage will rarely be reached if the early treatment by daily aspiration with local and systemic antibiotics has been assiduous. Many patients in this series had a residual cavity outlined by Thorotrast for up to 10 years without either recrudescence or epilepsy.
Misuse of Antibiotics
In present-day treatment of serious infective disease such as bacterial endocarditis and bronchitis antibiotic dosages are high, 12 million units or more of penicillin being given daily (Jones and Fletcher, 1967) . Although the place of antibiotics and particularly penicillin is well established in the treatment of intracranial abscess (Jooma et al., 1951; Krayenbiihl, 1967) , only Gregory et al. (1967) have drawn attention to the necessity for very high dosage in an effort to reduce the mortality.
Viewed in the light of modem antibiotic therapy, our own figures show that, apart from nine cases, antibiotic dosages were inadequate, even in the 84 patients whose dosage was thought to be adequate at the time. Penicillin was used in 46 of these patients, and the average maximum total daily dosage was clearly inadequate despite the continuing high incidence of penicillin-sensitive organisms (Table III) The failure to improve results from 1957 to 1967 can be ascribed to two major factors: inaccurate localization and misuse of antibiotics. A third factor which has become more noticeable in recent years is failure to tap the abscess daily. The overall mortality of 40% is disturbingly high, but unless methods of management of the acute case are revised it is unlikely to be lowered. In the light of the observations made in this paper the following scheme of initial management is suggested.
As soon as the diagnosis of supratentorial abscess is suspected no further lumbar puncture is done and the patient is transferred immediately to a neurosurgical unit, where after clinical assessment: (1) all patients unless known to be hypersensitive are started on penicillin 4 mega units six-hourly; (2) plain x-ray films of the skull and chest are taken; (3) E.N.T. territory is examined to determine whether there is overt middle ear or frontal sinus infection; and (4) E.E.G. and ultrasound are done, but should not be allowed to delay unduly the next steps.
After these preliminary steps the management will depend on the level of consciousness.
A patients who are fully alert should continue on highdosage penicillin and have a brain scan within 48 hours. If the scan is negative, the patient should be treated expectantly with high-dosage antibiotics.
B patients who are drowsy should be given mannitol and high-dosage penicillin, and scanned within 24 hours. If this is not possible then those who have an unequivocal focus of E.N.T. sepsis should have the appropriate burrhole made; in all other cases ventriculography is indicated. Carotid angiography can only be relied on in these cases to exclude a temporal intracerebral abscess.
C patients who are unconscious should be given mannitol at once, the high-dosage penicillin should be continued, and if they have mastoid or frontal infection the appropriate burrhole should be made; in all other cases if indium or technetium is available for scanning and mannitol has lightened the level of consciousness then a delay of up to three hours for scanning is justifiable; otherwise ventriculography is indicated.
The further management will obviously depend on the results of these first steps, which have been suggested in an effort to lower the mortality of intracranial abscess that appears to be so closely related to the initial decisions in management.
